distribution of ligand molecule and its orientation, the capability of forming of intermolecular interactions and the electrostatic potential of the molecule in the active site [5] .
The binding strength of this molecule largely depends on the electrostatic parameters and the charge complementarities, which leads to conformational change and the charge redistribution of the huperzine A molecule in the active site of the enzyme. The charge distribution allows to understand the electrostatic moments of the molecule in the active site of AChE. Hence, it enables to predict the orientation of the huperzine A inside the active site.
In the active site, as the conformation of the molecule changes, its orientation also changes.
To precisely understand the active site effect on huperzine A molecule and its behavior in the active site, the molecule needs to be compared with the corresponding gas phase structure and the charge density distribution. In view of this, the structure, conformation, charge density distribution and the electrostatic properties of huperzine A in the gas phase is also essential. The comparative study between both forms (gas phase and active site forms) of huperzine A could reveal the degree of structure and the conformation of huperzine A modified when it present in the active site and the charge density distribution as well. For the past two decades, several studies have been performed to understand the interactions between AChE and Huperzine A using experimental and computational methods [25] [26] [27] [28] [29] . Notably, a recent study [30] explores the efficacy of huperzine A from the studies of thermodynamic and kinetic aspects, and concurrently, it also reports that the drug efficacy does not linearly correlate with binding affinity [31] . The most possible binding pathway of Huperzine A is gorge of TcAChE, which is also confirmed from energy landscape theory [30] . The AChE also exhibits a conformational flexibility [32] and the active site of AChE was rearranged by the influence of huperzine A [33, 34] .
In the present study, a molecular docking analysis on huperzine A molecule has been carried out which allows to understand its conformational flexibity and the intermolecular interactions in the active site of AChE. Further, a quantum chemical calculation and the charge density analysis were performed for the huperzine A molecule lifted from the active site gives its charge density distribution and the electrostatic properties. On the other hand, a gas phase calculation on huperzine A molecule also carried out to compare its conformation and charge density distribution with the above said active site parameters. This comparative study insights the molecular conformational flexibility and the charge density distribution and the electrostatic properties of huperzine A in the active site, where the amino acids are interact with the huperzine A molecule as well. The charge density analysis of huperzine A molecule has been carried out for the molecule lifted from the active site of AChE obtained from the huperzine A-AChE docked complex. The toxicity also determined from the global reactivity descriptors such as electronegativity, electrophilicity and chemical hardness [35] [36] [37] using density functional theory [38] , which provides the essential information about the stability and reactivity of the molecule [39, 40] .
Results and Discussion

Molecular docking and Huperzine A-AChE Interactions
The molecular docking of plant derived huperzine A molecule has been docked the active site of AChE, the docked lowest binding energy of the molecule is -8.46 kcal/mol (Table S1 ). This energy is relatively lower than the docked binding energy of galanthamine and curcumin [56] with AChE; the low value of binding energy explicity indicates that huperzine A lacks some expected interactions with the AChE. Figure 1 it has a repulsive type of electrostatic interaction with the carbon atoms [49] . The nearest neighbours and the short contact distances below 3.3 Å between huperzine A molecule and the residues of AChE in the active site are presented (Table 2 ). Huperzine A molecule is found to be highly twisted when it present in the active site.
Structural Analysis
This can be well understood when comparing the torsion angles of active site form of huperzine A (II) with the corresponding its gas phase structure (I). Particularly, in ring 1 and 1′, the gas phase torsion angle of C(3)−C(2)−C(1)−C(6) and C(2)−C(1)−C(6)−C(7) bonds are -47.7° and -110.7° respectively; whereas, in the active site the corresponding angles are 6.7°* and -90.5°* respectively. Similarly, in the active site, a large bond twist also noticed in the methyl group attached C(8)−C(7)−C(6)−C(1) bonds, the torsion angle is 16.4°*; this angle is found to be much higher than the corresponding angle in gas phase (-0.5°). The other most affected bonds in the active site are: C(9)−C(1)−C(6)−C (7) (Table S2) , these large bond twists in the active site are mainly attributed to the intermolecular interactions and the energy of the huperzine A molecule in the active site of AChE.
Charge Density Analysis
The electron density distribution of huperzine A molecule has been studied using the Bader's theory of atoms in molecules (AIM) [46, 47] . The electron density ρbcp(r), the Laplacian of electron density ) ( All the other bonds in the molecule exhibit less ellipticity (Table 2) , reveals the spherical electron density distribution.
Atomic Charges, Dipole Moment and Electrostatic Potential
The atomic charges of both forms (I & II) of huperzine A were calculated from Mulliken (MPA) [64] and natural population analysis (NPA) [65] and Bader's AIM analysis [47] ( Table S3) . Notably, the Bader's AIM charges are found to be higher than the MPA and NPA charges for all atoms. Generally, the carbon atoms, which are attached to the negatively charged atoms, carry high positive charge. The AIM charges of C-atoms of (I) and The predicted active site dipole moment of huperzine A molecule is 6.85 Debye, which is found to be higher than the same found in the gas phase (5.91 Debye), the small enhancement of dipole moment of huperzine A in the active site is due to the charge redistribution in the molecule caused by the effect of intermolecular interaction between the two molecules. Figure 5 shows the superimposed form of (I) and (II) forms of huperzine A molecule, which displays the orientation of dipole moment vectors of huperzine A in gas phase (I) and in the active site (II). The deviation of dipole moment vector of (II) with respect to (I) is solely attributed to the conformational change as well as charge redistribution. The net dipole moment of (I) and (II) forms of huperzine A and its x, y, z component values are presented in Table 3 . Figure 6(a,b) shows the molecular electrostatic potential (ESP) of the huperzine A molecule in gas phase (I) and the same molecule lifted from the active site (II) of AChE. In the drug-receptor interaction, it is important to recognize that both the three dimensional shape and the electronic characteristics of the drug molecule are seldom important [66] . The ESP of (I) and (II) are found to be almost equal; however, between the two forms, a slight difference is observed, figure 8 displays the exact difference; perhaps this may be due to less electron density redistribution in the molecule when it present in the active site, which kept the ESP remains almost same. A large electronegative region is found at the vicinity of O (1) and N-atoms in both forms of the molecule. Figure 8b is the pictorial representation of intermolecular interaction shows some important interactions; in which, particularly the N(2) atom forms hydrogen bonding interaction with Tyr130. As expected, the O(1) atom forms hydrogen bonding interaction with amino acid residue [1, 12] Tyr130; further, the same oxygen O(1) also forms electrostatic interaction [49] with Gly117.
Toxicity Analysis
The toxicity of huperzine A molecule have been analyzed from global reactivity descriptors such as electronegativity (χ), electrophilicity (ω) and chemical hardness (η). In both forms, the ionization potential (I=˗EHOMO) and electron affinity (A=˗ELUMO) of huperzine A molecule were calculated from HOMO and LUMO energy values (Table 4 ). The ionization potential and electron affinity values are 5.72/5.62* and 1.04/1.1* respectively.
The huperzine A molecule has low electronegativity (3.38/3.36*) on compared with ionization potential; hence the molecule has fewer tendencies to accept electrons in both forms. The global hardness of the molecule is 2.34/2.26* respectively; it reveals that the molecule is stabilized in the active site. The calculated electrophilicity index of both forms is 2.44/2.49* respectively; this value indicates that the charge transfer of the molecule is low.
The gobal reactivity descriptors have not much varied in the gas phase as well as in the active site. From this analysis, we have distinctly confirmed that the huperzine A molecule has low toxicity, high stability when the molecule present in the active site of AChE [23, 67] .
Materials and Methods
Calculations
To precisely understand the effect of intermolecular interaction of huperzine A molecule in the active site, it is essential to compute the parameters like molecular conformation, charge density distribution and the electrostatic properties of the molecule in the gas phase as well as in the active site. Hence, the computational calculations were performed in two parts. In the first part, the gas phase (at T=298.15K, P=1atm) of huperzine A molecule (I) was optimized from HF [41] and DFT (B3LYP) [42, 43] methods with the basis set 6-311G** using Gaussion03 software [44, 45] ; in which the threshold limit for maximum force and displacement of DFT optimization were converged at 0.000004 and 0.000257au respectively. Further, a charge density analysis has been carried out using
Bader's theory [46, 47] of atoms in molecules (AIM). In the second part, a molecular docking analysis of huperzine A with AChE has been carried out using Autodock software [48, 49] .
For the docking analysis, the ligand was obtained by separating the same from the complex domain of pdb accession code 1VOT [1] and converted into pdb format, whereas the threedimensional structure of AChE of "Torpedo californica" was prepared by separating AChE form the complex domain of pdb accession code 1QTI [50] obtained from Brookhaven Protein Data Bank. Autodock generated 10 different conformations and their corresponding docked energies (Table S1 ). PyMOL [51] software was used to view the huperzine A-AChE complex and the intermolecular interactions between the AChE and huperzine A. Further, a single point energy DFT calculation was carried out for the huperzine A molecule (lowest energy conformer) lifted from the huperzine A-AChE docked complex at B3LYP/6-311G** level; and further a charge density analysis has been performed for the wave function obtained from the single point energy calculation.
From the charge density analysis, the bond topological properties, such as total electron density, deformation density, Laplacian of electron density, bond ellipticity at the bond critical points, eigen values (λ1, λ2, λ3) and the bond path were determined from the Bader's theory [46, 47] of atoms in molecules implemented in AIMPAC software [52] . The AIM charges were calculated from AIMALL software [53] . The deformation density of both forms [(I) and (II)] of the molecule were plotted by wfn2plots and XD software [54] . A cube file was generated from Gaussian03, which has been used as an input file for the Moliso program suite [55] to generate the electrostatic potential (ESP) map.
Conclusion
The geometrical and topological properties of electron density of the huperzine A molecule in gas phase and the same lifted from the active site have been compared. This comparative study explores the conformational modification, intermolecular interaction, charge density distribution and the electrostatic properties of the molecule in the active site of AChE. The lowest binding energy of huperzine A in the active site of AChE is -8.46
kcal/mol. In the huperzine A, the O(1) atom forms hydrogen bonding interaction with Tyr130 and electrostatic interaction with Gly117, whereas the nitrogen N(2) has hydrogen bonding interaction with Tyr130 only. The carbon C(8) forms electrostatic interaction with the residue Phe330, which shows that the molecule binds at the acyl binding pocket, which leads huperzine A to inhibit AChE. For the molecule lifted out from the active site, it is found that the geometry of ring 1, 1' are modified, whereas in ring 2, the geometry is not much altered, it is almost intact. Further, the charges are redistributed and it is found high in polar bonds.
The dipole moment of the molecule in the active site is 6.85 Debye, which is higher than its gas phase value (5.91 Debye). Large electronegative ESP regions are found at the vicinity of O and N-atoms in I and II forms of the molecule, in which, the oxygen and nitrogen atoms of (II) are exhibit high negative ESP as it is less in the gas phase. The present active site charge density study of huperzine A has been performed for the molecule lifted from the active site of AChE; hence, as expected it does not include the polarization effect. 
